Background-Despite the widely known benefits of physical activity, people with disabilities are more likely to be inactive when compared to people without disabilities. Previous questionnaires that measure barriers physical activity for people with disabilities do not measure barriers from an ecological perspective.
Introduction
Despite the many health benefits of physical activity 1 , people with disabilities are more likely to be physically inactive (47.1% versus 26.1%) 2 or have lower physical activity participation rates (14.7% vs. 34.8%) 3 compared to people without disabilities. This disparity in physical activity may be explained by the relationship between individuals with disabilities and their environments.
Human ecological models have examined the interactions by structuring the individual and the environment into four domains of influence ( Figure 1 ) that include: intrapersonal influences, which operate at the personal level and involves health, attitude, and impairment; interpersonal influences, which involves social relationships with family, friends, and professionals; organizational influences, which includes attributes of institutions within the community, such as programs and staff; and community influences, which involve community-at-large variables such as public transportation and the built and natural environment. 4, 5 There are barriers to physical activity for people with mobility impairments across all four ecological domains. The most common barriers to physical activity include attitudes and beliefs towards physical activity held by people with mobility impairments, their friends, and their family members [6] [7] [8] [9] [10] , built environment features of fitness centers [11] [12] [13] , and community features such as safety and the built environment. [14] [15] [16] [17] Seven questionnaires have been used in the measurement of perceived barriers to physical activity for people with mobility impairments. All seven questionnaires had at least 51% of their items within one ecological domain. [18] [19] [20] [21] [22] [23] [24] Two questionnaires measured barriers within all four ecological domains; 22, 23 however the majority of items were within the intrapersonal domain.
The purpose of this manuscript is to describe the development and psychometric properties of a Barriers to Physical Activity Questionnaire for people with mobility impairments (BPAQ-MI) that places approximately equal weight across the four ecological domains.
Methods
There were two phases in this study. Phase I was used for content validity, item development, and item refinement, and Phase II was used for measuring criterion validity, internal consistency, and test-retest reliability. This study was approved by the Institutional Review Board from a large, metropolitan university. Informed written, consent was obtained from all participants.
Phase I: Content Validity
Phase Ia: Item Bank Development-An extensive review of several databases (e.g., MEDLINE and Cumulative Index to Nursing and Allied Health Literature) was conducted to identify both qualitative and quantitative studies that employed questionnaires to identify barriers to physical activity for people with diverse mobility disabilities (e.g. people with arthritis, cerebral palsy, or multiple sclerosis). In order to sample the widest possible range of barriers, both medical subject headings and natural language were used. In order to minimize bias to barrier identification, barriers were included in the item bank if they were identified from qualitative focus groups or interviews, quantitative surveys, or existing questionnaires measuring barriers to physical activity. Questionnaire items that measured multiple topics were split into separate items. For example "Lack of support from friends or family" was separated into two distinct questionnaire items: "Lack of support from friends" and "Lack of support from family." 6, 7, 11, 18, 20, 22, 23, The authors have experience promoting physical activity, measuring physical activity barriers, and developing questionnaires. They conceptually categorized the items into the four ecological domains: intrapersonal, interpersonal, organizational, and community.
Phase Ib: Delphi-The Delphi technique was developed by the Rand Corporation in the 1950s and seeks convergence on a topic from a panel of experts. [63] [64] [65] [66] The Delphi technique is widely used for gathering information from experts of specific topics. For the purposes of this study, convergence pertained to identifying barriers to physical activity within each domain of the ecological model. The Delphi technique was selected because it allowed panelists to work independently of one another while providing constant feedback amongst panelists to generate new information and clarify old information from previous iterations.
Delphi panelists should be highly knowledge on a subject matter. [63] [64] [65] [66] The inclusion criteria for panelists in this study were that they had peer-reviewed journal articles on either physical activity promotion or measurement of physical activity barriers for people with disabilities. The authors partnered with potential panelists on other studies and programs. The authors reviewed the curriculum vitae for each potential panelist to judge their level of expertise based on the inclusion criteria. The potential panelists had at least ten years of experience at promoting physical activity or measuring barriers to physical activity for people with disabilities. A convenience sample of 15 potential panelists were emailed an information sheet explaining the study and how their expertise could develop a barriers to physical activity questionnaire. Potential panelists emailed the primary author any question they might have had. The potential panelists consented to being a Delphi panelist by responding via email.
While there is no consensus on how many iterations/rounds are needed, it has been generally accepted that three rounds is sufficient to gather enough information to reach consensus. 64 In round one, panelists were emailed the item bank and asked to add items that were missing. New items were added without changing any wording. In round two, panelists emailed the updated item bank and asked to combine or remove redundant items. Panelists were asked to provide a reason for why they felt items ought to be combined. Finally, in round three, panelists were asked whether each item should be kept or removed. Items were combined or removed in rounds two and three if there was 70% agreement across panelists. Panelists had two weeks to respond for each round.
Phase Ic: Cognitive Interviews-Cognitive interviews were conducted with 10 individuals with mobility impairments, which is a typical number for that methodology. 67, 68 Participants were recruited from a convenience sample using flyers from a fitness center that is accessible to people with mobility impairments. Inclusion criteria for the cognitive interviews included: (1) be at least 18 years old; (2) live within Chicago city limits; and (3) have difficulty walking a quarter of a mile or climbing ten stairs without using a mobility aid (e.g., cane, walker, or wheelchair). If the participant self-identified as having a cognitive, sensory, or intellectual disability with no mobility impairments, they were excluded from participating. The cognitive interviews were conducted one-on-one in a private room. Participants were read each of the BPAQ-MI items and were asked for their responses. Participants were asked if they felt an item could be removed and to identify poorly worded or confusing questions. They were asked to provide justification for why they felt the item could be removed. If an item was poorly worded and they were asked to describe the item in their own words and how to reword the item to help with clarification. Information about sex and race was also collected. Participants were paid $50 for their participation.
Phase II: Field Testing
Recruitment: Participants (n=150) were recruited from a fitness center that is accessible to people with mobility impairments and an independent living center from an urban city environment. Participants were recruited using flyers that were posted at the different recruitment facilities, direct mailing, and via snowball recruiting. Inclusion criteria for field testing included: (1) be at least 18 years old; (2) live within Chicago city limits; and (3) have difficulty walking a quarter of a mile or climbing ten stairs without using a mobility aid (e.g., cane, walker, or wheelchair). If the participant self-identified as having a cognitive, sensory, or intellectual disability with no mobility impairments, they were excluded from participating. Interviews were scheduled for 30 minutes and were conducted one-on-one by the primary author in a private room.
Procedure: Participants took part in an in-person interview and completed the BPAQ-MI, Physical Activity and Disability Survey (PADS) 69 , and the following demographic data were collected: age, gender, race/ethnicity, education, income range, type of mobility impairments, use of a mobility device, self-reported height and weight. Participants were paid $20 for their participation.
The item stem structure of BPAQ-MI was "Thinking over the past three months, were there any times when you wanted to participate in physical activity but couldn't or found it more difficult because [insert barrier]?" If the participant stated that they did not experience the barrier within the past three months, a score of zero was imputed for that particular item or group of items. If the participant answered "yes", they were then asked, "In general when you encounter [insert barrier], how much of a barrier was [insert barrier] on a scale from one to five, with one being very small and five being very big?"
The PADS was selected over other physical activity questionnaires and objective physical activity measures because of its ability to measure type of physical activity frequency and duration of each type on a continuous scale, and was validated for a similar population of people with mobility impairments. The PADS measures seven types of physical activity: exercise; leisure time physical activity (LTPA); indoor and outdoor household activities; physical/occupational therapy (PT/OT); active transit; and physical inactivity (hours per day sleeping, watching television, or being on the computer). These seven types of physical activity helped establish criterion validity for the BPAQ-MI's domains. The PADS has good internal consistency, test-retest, and interrater reliabilities. There were significant correlations between PADS subscales and absolute peak volume oxygen (VO 2 ), relative peak VO 2 , maximum workload, and time to exhaustion. 69 
Statistical Analysis
Domain Identification: SPSS version 20.0 statistical software was used for all quantitative analyses. a Exploratory Factor Analysis (EFA) was performed to identify underlying constructs using principal axis factoring extraction and promax (oblique) factor rotation. Principal axis extraction was used to identify the fewest number of factors that could explain the variance of the questionnaire items. Because the ecological model depicts that the domains are related with one another, an oblique rotation was selected because the factors/ domains were hypothesized to be correlated with one another. A preliminary EFA using principal axis factoring and varimax (orthogonal) rotation was also conducted to assess if the factors might have been uncorrelated. A minimum eigenvalue of 1.0 was employed and scree plots were used to limit the number of factors. The Kaiser-Guttman rule states that when a factor has an eigenvalue greater than 1.0, the factor accounts for more than the total variance in the items 70 . To be included, the factor must account for a minimum of five percent of the total item variance. Five percent was selected to assure practical significance in the extracted factors. For items to be included, items must load on selected factors with a minimum loading factor of at least 0.40 to assure strong correlation with other items on that factor. The items also had to be conceptually consistent within subscales. Domain Scoring: BPAQ-MI domain scores were computed using weighted sums of the items. Coefficients from the factor score correlation matrix were used as the item weights. Domain scores were calculated by summing the products of each item score (0 to 5) with its respective item weight.
Criterion Validity: Criterion validity was assessed by examining the relationship of BPAQ-MI domain scores to physical activity levels calculated by PADS. This involved correlating domain scores with number of minutes per week of various physical activities and across demographic variables.
Internal Consistency: Internal consistency was represented by Cronbach's alpha (α). 71 The minimum, acceptable α score was 0.70. If the subscale had an α less than 0.70, individual items were examined to see if the α increased when that item was removed from the subscale. If α increased significantly when the item was removed, that item was removed from the analysis and α was calculated again.
Test-Retest Reliability: Thirty out of the 150 participants were randomly selected to complete the BPAQ-MI a second time within approximately seven to 14 days of their initial assessment to assess test-retest reliability. The rationale for the seven to 14 days was to have the time period be long enough to prevent participants from recalling their previous responses and short enough that their responses would not change.
Test-retest reliability was calculated using paired t-tests to measure the differences between factor scores at both time points. Domain scores with significant differences between the two time periods (p < 0.05) were deemed unreliable over time.
Results

Phase I: Content Validity
Phase Ia-The item bank was comprised of items from questionnaires that measured barriers to physical activity for people with disabilities as well as barriers described in qualitative studies. The initial version of the item bank was comprised of 112 uniquelyworded items across all four domains of the ecological framework.
Phase Ib-Eleven panelists consented to participate in the Delphi panel, four declined to participate because of other time commitments. Panelists had expertise with either: measuring barriers to physical activity and the accessibility of facilities for people with disabilities (n = 4) and promoting physical activity for people with disabilities in urban and rural environments (n = 4) and for older adults (n = 3). The panelists qualifications include: measuring the accessibility of fitness centers and communities, adapted physical activity, psycho social determinants of physical activity, and developing interventions that are implemented in urban and rural communities.
In round one of the Delphi, panelists added intrapersonal items that related to health and beliefs about physical activity and its effects, interpersonal items that pertained to health care professionals and personal care attendants, organizational items that pertained to the built environment, staff, equipment, and policy, and community items that pertained to crime, weather, and built environment.
In round two, 76 items were combined or deemed redundant with another item. Intrapersonal items that were combined pertained to enjoyability of physical activity, lack of time, medical/health problems, and lack of knowledge on how to be physically active. Interpersonal items that were combined pertained to the training and encouragement of family, friends, and healthcare providers. Organization items that were combined included distance to a fitness center, staff training, and lack of options. Community items that were combined pertained to accessibility of sidewalks, crime, and weather. No items were removed after round two.
In round three, the agreement for items that were included ranged from 0.73 to 1.0. The agreement for items that were removed ranged from 0.45 to 0.64. In the intrapersonal domain, items that were removed were related to the consequences of physical activity and the relationship between caloric intake and energy balance and physical activity. Items were removed regarding family and friends complaining about being physically active and discussion about physical activity in the interpersonal domain. The organizational domain items that were removed included: rudeness of other fitness center patrons, and the amount of disability knowledge held by the fitness center staff. One community domain item about stagnant water or puddles at the crosswalk or curb cut was removed.
Phase Ic-Cognitive interview participants (n=10) were predominantly female (70%) and African American (80%). The participants stated that many items were understandable, but wanted examples or additional words and phrases within parentheses, such as "(e.g. lack of muscle strength or endurance)". Two items were removed because participants thought the barriers were accurately measured by other items. Another two items were removed because the participants stated that they could not effectively evaluate the other people's skill at working with someone with a disability or the disability training they received. One item (lack of assistance from fitness center staff) was moved from interpersonal to the organizational domain. In order to speed up the amount of time it took to complete the BPAQ-MI, participants requested skip questions for three topics: having a professional caregiver (four items), living in a group home (two items), and going to a fitness center (28 items).
Phase II: Field Testing
Participant characteristics: Table 1 describes the participant demographics (n = 150). The majority of the study participants were African American (73.3%) and female (55.4%). The mean age of participants was 55.2 years old with a mean body mass index (BMI) of 30.4 kg/m 2 . The majority of participants (79.3%) used at least one mobility aid, while 38.0% used multiple mobility aids. Table 2 depicts the amount of physical activity the participants engaged in per week. The majority of participants took part in some form of exercise (79.3%) with participation rates of other types of physical activity ranging from 7.3% (Transit) to 44.0% (Indoor household activities).
BPAQ-MI overview and psychometric properties
Domain Identification: A preliminary analysis using varimax rotation revealed that important items such as lack of transportation or depression did not load on any factors. Additionally some items loaded on both factors, such as feeling old or believing that physical activity could not help. A promax rotation was ultimately utilized based upon our use of the ecological framework and the preliminary analysis of the EFA using varimax rotation. The ecological framework depicts that the four domains are related with oneanother.
The BPAQ-MI took approximately 15-20 minutes to complete. Eight subscales (two within each domain) were extracted from the EFA analysis. The extracted domains described personal health, attitudes/beliefs towards physical activity, friends, family, fitness center built environment, policy, programs, and staff, community built environment, and safety. Table 3 summarizes the item distribution in BPAQ-MI across the ecological domains, and how the item pool changed after each round of the Delphi, cognitive interviews, and EFA. The item distribution after each phase of the study was: 112 (after phase 1a), 115 (after phase 1b), 111 (after 1c) and 63 (after phase 2). Table 4 summarizes barrier scores across each ecological domain and the percentage of study participants who experienced each barrier to physical activity. The health subscale had the highest mean score indicating it was perceived as the greatest barrier to physical activity. The fitness center built environment had the lowest score indicating it was the perceived as a small barrier to physical activity.
Domain Scores:
Reliability:
The BPAQ-MI demonstrated moderate to very good internal consistency (Table  5 ). Cronbach's alpha ranged from 0.792 (Friends) to 0.935 (Fitness Center Built Environment). No items significantly increased Cronbach's alpha when the item was removed.
The mean number of days between the test and retest periods was 7, with a minimum of 4 and a maximum of 14. There was no significant difference in subscale scores between time periods, thusly the BPAQ-MI demonstrated good test-retest reliability.
Criterion Validity: Table 6 summarizes the correlation of the BPAQ-MI subscales across the physical activity types, age, and BMI. There were moderate, negative correlations between the BPAQ-MI subscales and exercise and moderate positive correlations between the BPAQ-MI subscales and inactivity and BMI. Participants who perceived more barriers reported lower physical activity levels, more time being inactive, and/or had a greater BMI.
Discussion
When measuring barriers to physical activity for people with disabilities, it is important to have a questionnaire that is capable of barrier measurement within an ecological framework because people interact with their environments in complex ways. Previous questionnaires had at least 51% of their items within one ecological domain. For the BPAQ-MI, approximately equal weight was placed across the four ecological domains.
The BPAQ-MI builds upon previous questionnaires that measure barriers to physical activity to measure barriers across all four ecological domains. Table 7 compares the percentage of items of the BPAQ-MI and previous barrier questionnaires across the ecological domains. The BPAQ-MI has the most items and the greatest proportion of items across the four ecological domains. Because of the complex relationship between the person and their environment 72 , measurement tools must be capable of identifying the physical activity constructs within the domains of the ecological framework.
Because the BPAQ-MI places greater equity across the ecological domains, new and improved interventions can be developed to enhance physical activity. Previously, the majority of interventions have been developed to address barriers in one domain of the ecological framework at a time. Rimmer and colleagues did one such intervention with African American women with disabilities and saw an increase in exercise by only 26 minutes per week. 73 While this intervention successfully increased physical activity for a subgroup of people with disabilities, most of the increase was associated with indoor household activity and leisure activity in indoor or outdoor recreational settings (a more enjoyable form of physical activity) did not change. Understanding barriers across multiple domains may help with developing targeted intervention approaches and ultimately enhance the effects of an intervention by increasing the quality and quantity of physical activity in multiple venues and settings in the community (vs. the home only).
Study Limitations
The limitations of this study included: (1) potential lack of generalizability of BPAQ-MI and (2) measuring self-reported physical activity.
The BPAQ-MI might not be generalizable to individuals with other impairments or demographic backgrounds. For example, items such as "lack of time" or the necessity of caregivers did not load onto any domain. These items could have been captured by other items or are specific to people with a different impairments (e.g. sensory or intellectual/ developmental). 37, 72 Some items might apply primarily to urban communities, such as excessive crime or cars. Rural communities might find that other barriers are more pertinent to their communities, for example lack of adequate lighting might be big barriers in a rural community but is not a barrier in an urban community like Chicago. Future studies should examine the factor structure of the BPAQ-MI for other populations (e.g. translate the BPAQ-MI for people who speak other languages, locations, or other types of impairment) to help minimize sample bias and improve the generalizability of the BPAQ-MI.
The other limitation was the use of self-report physical activity measures, such as the PADS. Self-report physical activity might have contributed to inflated levels of physical activity. The physical activity levels in this study were not consistent with previous studies that found people with disabilities were more likely to be inactive. 2 The use of objective measures of physical activity like accelerometers has been utilized for specific impairments like people with Parkinson disorder, osteoarthritis, or Multiple Sclerosis 74 . The use of objective physical activity measures do not provide information regarding type of physical activity, such as exercise. The PADS was selected because it was validated on a population that most closely resembles people with mobility impairments.
In order to address these limitations, future studies should: (1) examine the psychometric properties of the BPAQ-MI among people without disabilities or with other disabilities and (2) assess the predictive and sensitivity of the BPAQ-MI by using objective physical activity measures. By assessing the psychometric properties of the BPAQ-MI among different groups, researchers will be able to better generalize the construct of barriers and whether separate barrier questionnaires are required for people with different impairments or if one questionnaire is sufficient. Further validation of the BPAQ-MI should measure the predictive and concurrent validity of the BPAQ-MI by via intervention studies address barriers within and across ecological domains.
Conclusions
The BPAQ-MI is the first comprehensive instrument that measures barriers across intrapersonal, interpersonal, organizational, and community domains. Future physical activity interventions could benefit from using the BPAQ-MI to capture barrier changes before, during and after an intervention and to monitor potential changes in barrier type and quantity with relation to higher or lower levels of physical activity participation. Correlation between BPAQ-MI subscale scores and PADS scores 
